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(54) ORGANOMETAL COMPLEX, ELECTROLUMINESCENT ELEMENT CONTAINING THE 
ORGANOMETAL COMPLEX AND LUMINESCENT DEVICE INCLUDING THE 
ELECTROLUMINESCENT ELEMENT 



(57) A white or whitish luminescent material for phosphorescence is provided by synthesizing an organometallic 
complex that is able to convert a triplet excited state into light emission. In particular, a white electroluminescent device 
that has a high luminous efficiency and can be manufactured easily is provided by using the organometallic complex 
to manufacture a white or whitish electroluminescent device. The electroluminescent device is used to provide a light- 
emitting device with low power consumption. A fluorescent and phosphorescent material represented by a general 
formula (2) is synthesized. Since this material can emit both components of fluorescence and phosphorescence in the 
region of visible light, white or whitish luminescence can be achieved, which is applied to an electroluminescent device 
or a light-emitting device. 
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Description 

TECHINICAL FIELD 

5 [0001] The present invention relates to a compound that is able to convert a triplet excited state into light emission. 
The present invention also relates to an electroluminescent device that has an anode, a cathode, and a layer including 
an organic compound (hereinafter, referred to as "electroluminescent layer") from which light emission is obtained by 
applying electric field, where the electroluminescent layer includes a compound that is able to convert a triplet excited 
state into light emission, and a light-emitting device using the electroluminescent device. 

10 

BACKGROUND ART 

[0002] When light is absorbed by an organic compound (organic molecule), the organic compound (organic molecule) 
gets to have energy (an excited state). Trough this excited state, various photochemical reactions may be developed 
15 or light emission (luminescence) may be generated, and various applications have been tried. In particular, as an 
application field of a light-emitting compound, an electroluminescent device (a device that emits light by applying electric 
field) can be given. 

[0003] In the case of using an organic compound as a light emitter, the emission mechanism of an electroluminescent 
device is a carrier injection type. In other wards, by applying a voltage with an electroluminescent layer sandwiched 

20 between electrodes, an electron injected from a cathode and a hole injected from an anode are recombined in the 
electroluminescent layer to form a molecule in an excited state (hereinafter, referred to as an exited molecule), and 
energy is released to emit light while the excited molecule moves back toward the ground state. 
[0004] In the foregoing electroluminescent device, the electroluminescent layer is generally formed of a thin film 
about below 1 um. Further, since the foregoing electroluminescent device is a self-luminous device, where the elec- 

25 troluminescent layer itself emits light, a backlight that is used for a conventional liquid crystal display is unnecessary. 
Therefore, it is a great advantage that it is possible to be manufactured to have significantly a thin thickness and a 
lightweight. 

[0005] In the case of an electroluminescent layer with a thickness approximately from 100 to 200 nm, for example, 
the time from an injection of carriers to their recombination is about several ten nanoseconds considering the carrier 
30 mobility of the electroluminescent layer. Even when processes from the recombination of the carriers to light emission 
are included, only time on the microsecond time scale is required to reach light emission. Thus, the fairly high response 
speed is also one of the features. 

[0006] In addition, since the foregoing electroluminescent device is a carrier injection type light-emitting device, driv- 
ing by DC voltage is possible, and it is unlikely that a noise is generated. As for the driving voltage, an uniform ultra 
35 thin film with a thickness of approximately 100nm is first used as the electroluminescent layer, a material for an electrode 
is also selected to reduce a carrier injection barrier against the electroluminescent layer, and a heterostructure (two- 
layer structure) is additionally introduced. Accordingly, a sufficient luminance of 100 cd/m 2 can be obtained at 5.5V 
(refer to Non-Patent Document 1 , for example). 

*o (Non-Patent Document 1) 

C. W. Tang and S. A. Vanslyke, "Organic electroluminescent diodes", Applied Physics Letters, vol. 51, No. 12, 913-915 
(1987) 

45 [0007] The electroluminescent device has been attracting attention as a next-generation flat panel display in terms 
of the features such as the thin thickness and the lightweight, the high speed response, and the low DC voltage drive. 
In addition, relatively favorable visibility can be obtained since the electroluminescent device is a self-luminous device 
that has a wide viewing angle, and the electroluminescent device is considered to be effective as the device for a 
display screen of a portable device. 

50 [0008] By the way, light emission observed in the foregoing electroluminescent device is a luminous phenomenon 
in an excited molecule moving back toward a ground state. At this point, the excited molecule formed from an organic 
molecule can take two kinds that are a singlet excited state (S*) and a triplet excited state (T*). In addition, the statistic 
generation ratio in an electroluminescent device be considered to is S* : T* = 1 : 3 (Non-Patent Document 2, for ex- 
ample). 

55 
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(Non-Patent Document 2) 

Tetsuo TSUTSUI, Text of the third lecture meeting, Blettin of Organic Molecular/Bioelectronics Subcommittee, Society 
of Applied Physics, p. 31-37 (1993) 

5 

[0009] However, in the case of a general organic compound, luminescence from the triplet exited state (phospho- 
rescence) is not observed at room temperature while only luminescence from the singlet exited state (fluorescence) 
is observed generally. This is because T* (So transition (phosphorescence process)) becomes a forbidden transition 
and S* (So transition (fluorescence process)) becomes an allowed transition since an organic compound generally 
10 has a ground state of a singlet state (So). In other words, only the singlet excited state contributes to luminescence 
generally. 

[0010] Consequently, the internal quantum efficiency (the ration of photons generated to injected carriers) in an 

electroluminescent device is assumed to have a theoretical limit of 25 % in accordance with S * : T* = 1 : 3. 

[0011] Further, generated light is not all coupled out to the outside, and it is not possible to take a portion of the light 

is out due to inherent refractive indexes of a constituent material of an electroluminescent device and a material of a 
substrate. The ratio of light taken out to the outside to generated light is referred at as a light-extraction efficiency, it is 
said that the light-extraction efficiency is only about 20 % in an electroluminescent device that has a glass substrate. 
[0012] Consequently, it is said that the ratio of photons that can be taken out finally to the outside to the number of 
the injected carriers (hereinafter, "external quantum efficiency") has a theoretical limit of 25 % x 20 % = 5 % if injected 

20 carriers are all formed into excited molecules. In other words, if all of the carriers are recombined, it is conceivable that 
only 5 % thereof can be taken out as light. 

[001 3] However, in these years, an electroluminescent device that is able to convert an energy released in moving 
back toward a ground state from a triplet excited state (T*) (hereinafter, referred to as " triplet excitation energy") into 
light emission has been made in public one after the other, and a high luminous efficiency thereof has been attracting 
25 attention (refer to Non-Patent Document 3 and Non-Patent Document 4, for example). 

(Non-Patent Document 3) 

D. F. O'Brien, M. A. Baldo, M. E. Thompson and S. R. Forrest, "Improved energy transfer in slctrophosphorescent 
30 devices", Applied Physics Letters, vol. 74, No. 3, 442-444 (1999) 

(Non-Patent Document 4) 

[0014] Tetsuo TSUTSUI, Moon-Jae YANG, Masayuki YAHIRO, Kenji NAKAMURA, Teruichi WATANABE, Taishi TSU- 
35 J|, Yoshinori FUKUDA, Takeo WAKIMOTO and Satoshi MIYAGUCHI, "High Quantum Efficiency in Organic Light-Emit- 
ting Devices with Iridium-Complex as a Triplet Emissive center", Japanese Journal of Applied Physics Vol. 38, pp. 
L1502-L1504 (1999) 

[0015] A porphyrin complex that has platinum as a central metal and an organometallic complex that has iridium as 
a central metal are respectively used in Non-Patent Document 3 and in Non-Patent Document 4, and both of the 
to complexes are of a phosphorescent material that has a third-series transition element introduced as a central metal, 
which includes one that well exceeds the foregoing theoretical limit 5 % of the external quantum efficiency. In other 
words, an electroluminescent device using a phosphorescent material can achieve a higher external efficiency than 
conventional one. Then, as the external efficiency is higher, the luminance is improved. 

[0016] Therefore, an electroluminescent device using a phosphorescent material is considered to occupy an impor- 
ts tant position in a future development as a means for accomplishing luminescence with a high luminance and a high 
luminance efficiency. 

[0017] As described above, a phosphorescent material is useful for being applied to electroluminescent devices, 
which is expected. However, it is still the case that the number thereof is small. The iridium complex that is used in 
Non-Paten Document 4 is one of organometallic complexes referred to as an orthometalated complex. Since this 
50 complex has a phosphorescence lifetime of several hundreds nanoseconds and a high phosphorescence quantum 
yield, the decrease in efficiency associated with an increase in luminance is small as compared to the porphyrin com- 
plex. From that viewpoint, the foregoing organometallic complex using the heavy metal is one of guidelines for syn- 
thesizing a phosphorescent material. 

[0018] By the way, an electroluminescent device has been actively developed for being applied to displays. Above 
55 all, the development of a device that can emit white light has been distinctly attracting attention. This is because full 
color display is possible when a color filter is attached to a display device, in addition to applications as mono-color 
display and lighting such as a backlight. 

[0019] Since a light-emitting device with a filter passed through has an usability of light lowered, a device that can 
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achieve high-luminance while light emission with lower power consumption is strongly required. In addition, considering 
the application as lighting, it is no mistake that a higher luminance is required. Therefore, it can be said that the use 
of an electroluminescent device using a phosphorescent material for realizing white light emission is the most effective 
means. 

s [0020] In the case of a conventional electroluminescent device using a phosphorescent material for white light emis- 
sion, a method such as a method of mixing materials that respectively emit R (red), G (green), and B (blue) to form a 
thin film, a method of laminating layers that respectively emit R (red), G (green), and B (blue), or a method of combining 
complementary colors (a blue-green color and an orange color, for example) (refer to Non-Patent Document 5, for 
example) is considered. However, since a plurality of luminescent materials that have different emission wavelengths 

10 are needed in any case in order to obtain a spectrum of white light, there is a problem that a driving voltage is increased. 
In addition, since it is necessary to combine a hole blocking layer in order to obtain a high luminous efficiency from an 
electroluminescent device using a phosphorescent material, a quite complicated device structure is required. 

(Non-Patent Document 5) 

15 

[0021] Brian W. D' Andrade, Jason Brooks, Vadim Adamovich, Mark E. Thompson, and Stephen R. Forrest, "White 
Light Emission Using Triplet Excimers in Electrophosphorescent Organic Light-Emitting Device", Advanced Materials, 
14, No. 15,1032-1036 (2002) 

[0022] As above, since a planar source for white light emissionjs composed of a plurality of materials combined 
20 quite intricately, a manufacturing process is not only controlled with difficulty but also is made cumbersome and com- 
plicated. 

DISCLOSURE OF INVENTION 

25 (Problem to be solved by the Invention) 

[0023] It is an object of the present invention to provide a novel white or whitish luminescent material by synthesizing 
an organometallic complex that is able to convert a triplet excited state into luminescence. 

[0024] In addition, it is particularly an object of the present invention to provide a white electroluminescent device 
30 that has a high luminous efficiency and can be easily manufactured by using the organometallic complex to manufacture 
a white or whitish electroluminescent device that has a simple device structure. 

[0025] Further, it is an object of the present invention to provide a light-emitting device with low power consumption 
by using the electroluminescent device to manufacture a light-emitting device. The light-emitting device in the speci- 
fication indicates a light-emitting device and an image display device that use an electroluminescent device. In addition, 
as a module that has a connecter such as an anisotropic conductive film (EPC: Flexible Printed Circuit) or TAB (Tape 
Automated Bonding) attached to an electroluminescent device, a module that has a TAB tape or a TCP (Tape Carrier 
Package) attached, a module that has a printed wiring board provided at the tip of a TAB tape or a TCP, and a module 
that has an electroluminescent device directly mounted with an IC (integrated circuit) by a COG (Chip On Glass) method 
are all included in the light-emitting device. 

40 

(Means for solving the Problem) 

[0026] The inventors have focused on an organometallic compound that has an element of Group 9 or an element 
of Group 1 0 as a center, which can be formed in the case of using a ligand shown by the following general formula 1 . 



50 
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10 




"5 (Formula 1) 

15 

[0027] Then, the inventors have found that a complex represented by the following general formula 2, which is syn- 
thesized by orthometallation of the ligand of the general formula 1 , has both components of fluorescence and phos- 
phorescence of in the region of visible light. Since emission wavelengths of fluorescence and phosphorescence of this 
complex are observed respectively in the side of shorter wavelengths and in the side of longer wavelengths, it is a 
20 feature to be a white or whitish lighting color. 



25 



30 



35 




(Formula 2) 



(where R., is an alkyl group, an aryl group, a substituted aryl group, a heterocyclic group or a substituted hete- 
rocyclic group; R 2 is hydrogen, an alkyl group, an aryl group, a substituted aryl group, a heterocyclic group, or a sub- 

40 stituted heterocyclic group; R 3 , R 4 , R 5 , and R 6 may be identical or different, and are individually hydrogen, halogen, 
an alkyl group, an alkoxyl group, an aryl group, a substituted aryl group, a heterocyclic group, or a substituted hetero- 
cyclic group; M is an element of Group 9 or an element of Group 10, and n = 2 when the M is the element of Group 9 
or n = 1 when the M is the element of Group 10; and L is a monoanionic ligand having a p-diketone structure, a 
monoanionic bidentate ligand having a carboxyl group, or a monoanionic bidentate ligand having a phenolic hydroxyl 

45 group. 

[0028] Consequently, it is an aspect of the present invention to provide the organometallic complex represented by 
the aforementioned general formula 2. 

[0029] For more efficient phosphorescence, a heavy metal is preferred as the central metal in terms of heavy atom 
effect. Therefore, one feature of the present invention is that the central metal M is iridium or platinum in the afore- 
so mentioned general formula. 

[0030] In addition, any of monoanionic ligands shown by structure formulas 3 to 9 below is preferable although the 
ligand L is any of a monoanionic ligand having a p-diketone structure, a monoanionic bidentate ligand having a carboxyl 
group, and a monoanionic bidentate ligand having a phenolic hydroxyl group. 

55 
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(Formula 3) 
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(Formula 4) 
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(Formula 5) 
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NH O- (Formula 6) 
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[0031] By the way, since the organometallic complex according to the present invention can convert triplet excitation 
energy into light emission, an efficient device with white or whitish luminescence becomes possible by applying the 
organometallic complex to an electroluminescent device, which is quite efficient. Consequently, the present invention 
also includes an electroluminescent device that uses the organometallic complex according to the present invention, 
s [0032] Since the thus obtained electroluminescent device according to the present invention can realize a high lu- 
minous efficiency, a light-emitting device that uses this as a light-emitting element (an image display device or a light- 
emitting device) can realize low power consumption. Consequently, the present invention also includes a light-emitting 
device that uses the organometallic complex according to the present invention. 

10 (Effect of the Invention) 

[0033] A novel organometallic compound can be provided by carrying out the present invention. In addition, an elec- 
troluminescent device that has a high luminous efficiency can be provided by using the organometallic compound to 
manufacture an electroluminescent device. Further, a light-emitting device and an electronic device with low power 
is consumption can be provided by using the organometallic complex to manufacture a light-emitting device and an 
electronic device. 

BRIEF DESCRIPTION OF DRAWINGS 
20 [0034] 

Fig. 1 is a diagram describing a device structure of an electroluminescent device in Embodiment Mode 1 . 
Fig. 2 is a diagram describing a device structure of an electroluminescent device in Embodiment Mode 2. 
Fig. 3 is a graph showing absorption, excitation, and emission spectra of an organometallic complex according to 
25 the present invention. 

Figs. 4(A) and 4(B) are diagrams describing a light-emitting device according to the present invention. 

Figs. 5(A) to 5 (G) are diagrams describing electronic devices that use a light-emitting device according to the 

present invention. 

30 BEST MODE FOR CARRYING OUT THE INVENTION 

[0035] The ligand represented by the aforementioned general formula 1 can be synthesized in accordance with the 
following synthesis scheme 10. 

35 



40 

H 2 N - R, 



45 




(Formula 10) 

50 

Thus obtained ligand of the general formula 1 is used to form the organometallic complex according to the present 
invention (general formula 2). As the orthometallation reaction at this moment, a known synthesis method may be used. 
[0036] In synthesizing an organometallic complex with iridium as a central metal according to the present invention, 
55 for example, iridium chloride hydrate is used as a raw material to synthesize a chlorine-bridged dinuclear complex first 
by mixing the iridium chloride hydrate with the ligand of the general formula 1 and refluxing in a nitrogen atmosphere 
(the following synthesis scheme 11). Next, the chlorine bridge is cut with the ligand L to obtain the organometallic 
complex according to the present invention by mixing the obtained dinuclear complex and a raw material for the ligand 
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L and refluxing in a nitrogen atmosphere (the following synthesis scheme 12). 




(Formula 11) 
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(Formula 12) 

35 

[0037] The synthesis method of the organometallic complex, which is used in the present invention, is not limited to 
the synthesis method shown above, 

[0038] In addition, while the organometallic complex according to the present invention can be used as a fluorescent 
40 and phosphorescent material, it is believed that it is more preferable that the substituent R 2 in the aforementioned 
general formula 2 is not hydrogen but an electron donating group such as an alkyl group in order to efficiently realize 
the both components of fluorescence and phosphorescence. 

[0039] Next, a mode where the fluorescent and phosphorescent material according to the present invention is applied 
to an electroluminescent device will be described below. 

45 

(Embodiment Mode 1) 

[0040] In Embodiment Mode 1, a device structure of an electroluminescent device that invention, a hole injection 
layer comprising a low molecular weight material, a hole transport layer, a hole blocking layer, and an electron transport 
so layer will be described with reference to Fig. 1. 

[0041] Fig. 1 has a structure where a first electrode 101 is formed on a substrate 100, an electroluminescent layer 
102 is formed on the first electrode 101, and a second electrode 103 is formed thereon. 

[0042] Here, as a material that is used for the substrate 100, a material that is used in a conventional electrolumi- 
nescent device may be used, and a substrate comprising such as glass, quartz, or transparent plastic can be used. 
55 [0043] Besides, the first electrode 101 in Embodiment Mode 1 functions as an anode and the second electrode 103 
functions as a cathode. 

[0044] In other words, the first electrode 101 is formed of an anode material, and it is preferable to use a metal, an 
alloy, an electrically conductive compound, and a mixture of these, which have a large work function (a work function 
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of 4.0 eV or more), as the anode material that can be used here. As a specific example of the anode material, gold 
(Au), platinum (Pt), nickel (Ni), tungsten (W), chromium (Cr), molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), 
palladium (Pd), a nitride of a metal material (TiN), or the like can be used in addition to ITO (indium tin oxide) and IZO 
(indium zinc oxide) of indium oxide mixed with zinc oxide (ZnO) at 2 to 20 [%]. 

s [0045] On the other hand, it is preferable to use a metal, an alloy, an electrically conductive compound, and a mixture 
of these, which have a small work function (a work function of 3.8 eV or less), as a cathode material that is used for 
forming the second electrode 103. As a specific example of the cathode material, a rare-earth metal can be used for 
the formation in addition to an element belonging to Group 1 or Group 2 of the periodic table of the element, that is, 
an alkali metal such as Li or Cs, and an alkali earth element such as Mg, Ca, or Sr, and an alloy (Mg:Ag, AI:Li) and a 

10 compound (LiF, CsF, CaF 2 ) including these, and it is also possible to further laminate a metal (including an alloy) such 
as Al, Ag, or ITO for the formation. 

[0046] In addition, a thin film of the foregoing anode material and a thin film of the cathode material are formed by 
evaporation, sputtering, or the like to respectively form the first electrode 101 and the second electrode 103, which 
preferably have a film thickness of 10 to 500 nm. 

15 [0047] Besides, in the electroluminescent device according to the present invention, light generated by recombination 
of carriers in the electroluminescent layer is emitted from one or both of the first electrode 1 01 and the second electrode 
103 to the outside. In other words, the first electrode 101 is formed of a translucent material in the case where light is 
emitted from the side of the first electrode 101 while the second electrode 103 is formed of a translucent material in 
the case where light is emitted from the side of the second electrode 103. 

20 [0048] In addition, the electroluminescent layer 1 02 uses a single layer, or is formed by laminating a plurality of layer. 
In Embodiment Mode 1, the electroluminescent layer 102 is formed by laminating a hole injection layer 111, a hole 
transport layer 112, a light-emitting layer 113, a hole blocking layer 114, and an electron transport layer 115. 
[0049] As a hole injection material for forming the hole injection layer 111, a phthalocyanine-based compound is 
efficient. For example, phthalocyanine (abbreviation: referred to as H 2 -Pc), copper phthalocyanine (abbreviation: re- 

25 ferred to as Cu-Pc), and the like can be used. 

[0050] As a hole transport material for forming the hole transport layer 112, an aromatic amine-based (that is, one 
that has a bond of benzene ring-nitrogen) compound is widely used. As materials that are used widely, for example, 
in addition to 4, 4' - bis [N - (3 - methylphenyl) - N - phenyl - amino] - biphenyl (abbreviation: TPD), a derivative thereof 
such as 4, 4' - bis [N - (1 - naphthyl) - N - phenyl - amino] - biphenyl (abbreviation: a-NPD) and star burst aromatic 

30 amine compounds such as 4, 4', 4" - tris (N, N - diphenyl - amino) - triphenylamine (abbreviation: TDATA) and 4, 4', 4" 
- tris [N - (3 - methylphenyl) - N - phenyl - amino] - triphenylamine (abbreviation: MTDATA) can be given. 
[0051] The light-emitting layer 113 includes the organometallic complex previously shown by the general formula 2, 
and is formed by co-evaporation of this organometallic complex and a host material. As the host material, a known 
material can be used, and 4, 4' - bis (N - carbazolyl) - biphenyl (abbreviation: CBP), 2, 2' 2" - (1 , 3, 5 - benzenetriyl) - 

35 tris [1 - phenyl - 1 Hbenzimidazole] (abbreviation: TPBI), and the like can be given. 

[0052] As a hole blocking material for forming the hole blocking layer 114, bis (2 - methyl - 8 - quinolinolate) - (4 - 
phenylphenolato)-aluminum (abbreviation: BAIq), 1 , 3 - bis [5 - (p - tert - butylphenyl) - 1, 3, 4 - oxadiazole - 2 - yl] 
benzene (abbreviation: OXD-7), 3 - (4 - tert - butylphenyl) - 4 - phenyl - 5 - (4 - biphenylyl) - 1,2,4- triazole (abbreviation: 
TAZ), 3 - (4 - tert - butylphenyl) - 4 - (4 - ethylphenyi) - 5 - (4 - biphenylyl) - 1 , 2, 4 - triazole (abbreviation: p-EtTAZ), 

40 bathophenanthroline (abbreviation: BPhen), bathocuproin (abbreviation; BCP), or the like can be used. 

[0053] As an electron transport material in the case of forming the electron transport layer 115, a metal complex that 
has a quinoline skeleton or a benzoquinoline skeleton such as tris (8 - quinolinolato) aluminum (abbreviation: Alq 3 ), 
tris (5 - methyl - 8 - quinolinolato) aluminum (abbreviation: Almq 3 ), or bis (10 - hydroxybenzofh] - quinolinato) beryllium 
(abbreviation: BeBq 2 ), and BAIq mentioned above are preferred. In addition, a metal complex that has an oxazole- 

45 based ligand or a thiazole-based ligand such as bis [2 - (2 - hydroxyphenyl) - benzothiazolato] zinc (abbreviation: Zn 
(BTZ) 2 ) can also be used. In addition to the metal complexes, 2 - (4 - biphenyl) - 5 - (4 - tert - butylphenyl) - 1, 3, 4 - 
oxadiazole (abbreviation: PBD), the aforementioned OXD-7, TAZ, p-EtTAZ, Bphen, and BCP, and the like can be used 
as the electron transport material. 

[0054] In this way, it is possible to form an electroluminescent device that has the light-emitting layer 113 including 
so the organometallic complex according to the present invention, the hole injection layer 111 comprising the low molecular 
weight, the hole transport layer 112, the hole blocking layer (hole blocking layer) 114, and the hole transport layer 115. 
[0055] In Embodiment Mode 1, the organometallic complex according to the present invention is used as a guest 
material in the light-emitting layer 113, the electroluminescent device is the device that has luminescence obtained 
from the organometallic complex according to the present invention as a lighting color. 

55 

(Embodiment Mode 2) 

[0056] In Embodiment Mode 2, a device structure of an electroluminescent device that has a light-emitting layer 
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including an organometallic complex according to the present invention and a hole injection layer comprising a polymer 
material, which are formed with a wet process, will be described with reference to Fig.2. 

[0057] Since it is possible to use the same materials as those in Embodiment Mode 1 to form a substrate 200, a first 
electrode 201 , and a second electrode 203 in the same way, descriptions thereof are omitted. 
5 [0058] In addition, an electroluminescent layer 202 is formed by laminating a plurality of layers, in Embodiment Mode 
2, formed by laminating a hole injection layer 211 and a light-emitting layer 212. 

[0059] As a hole injection material for the hole injection layer, polythiophene dioxythiophene (abbreviation: PEDOT) 
doped with polystyrene sulfonate (abbreviation: PSS), polyaniline, polyvinyl carbazole (abbreviation: PVK), and the 
like can be used. 

w [0060] The light-emitting layer 212 includes the organometallic complex according to the present invention, which is 
previously shown by the general formula 2, as a guest compound. As a host material, a bipolar material may be used, 
or a hole transport material and an electron transport material may be mixed alternatively to be bipolar. Here, a hole 
transport polymer compound (PVK, for example) and the aforementioned electron transport material (PBD, for example) 
are dissolved in the same solvent at 7 : 3 (molar ratio) first, and an appropriate amount of the organometallic complex 

15 according to the present invention (approximately 5 wt%) is furtheradded to prepare a solution. The light-emitting layer 
212 can be obtained by wet application of this solution and baking. 

[0061] In this way, it is possible to obtain an electroluminescent device that has the light-emitting layer 212 including 
the organometallic. complex according to the present invention and the hole injection layer 211 comprising the polymer 
material, which are formed with a wet process. 
20 [0062] In Embodiment Mode 2, the organometallic complex according to the present invention is used as a guest 
material in the light-emitting layer 212, the electroluminescent device is a light-emitting device that has luminescence 
obtained from the organometallic complex according to the present invention as a lighting color. 

(Embodiments) 

25 

(Synthesis Example) 

[0063] The present synthesis example will exemplify a synthesis method of an organometallic complex according to 
the present invention, represented by the following structure formula 13. 

30 



35 



40 



45 




(Formula 13) 



[0064] First, after refluxing an equimolar amount of acetophenone and anyline in ethanol for 48 hours, a ligand 
so represented by the following structure formula 14 was obtained by removing the solvent (umber and oily). 
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(Formula 14) 



Next, iridium chloride (lrCI 3 HCI H 2 0 and 2.5 equivalents of the structure formula 14 were refluxed in a mixed solvent 
of 2-ethoxyethanol and water at 3:1 in a nitrogen atmosphere for 1 6 hours to obtain a dinuclear complex of the flowing 
structure formula 15. The obtained powder was filtered, and subjected to air drying after washing with ethanol and 
acetone. 




(Formula 15) 



[0065] Further, the structure formula, 3 equivalents of picolinic acid, and 10 equivalents of sodium carbonate were 
refluxed in 2-ethoxyethanol in a nitrogen atmosphere for 16 hours. After removing the solvent, the product was purified 
by a column chromatography, and recrystallized to obtain the compound of the aforementioned structure formula 13, 
which is the object. 

[0066] Fig. 3 shows an absorption spectrum, an excitation spectrum, and an emission spectrum (PL) of the obtained 
organometallic complex according to the present invention (structure formula 13). In Fig. 3, an absorption spectrum of 
the ligand (structure formula 14) is also shown together. 

[0067] As shown in Fig. 3, an absorption spectrum 2 has absorption in the side of longer wavelengths (around 420 
nm and 500 to 600 nm) as compared to a spectrum 1 of the ligand, and the broad absorption at 500 to 600 nm particularly 
suggests triplet MLCT (Metal to Ligand Charge Transfer). In addition, an excitation spectrum 3 has two peaks observed, 
and an emission spectrum 4 is bluish white luminescence with peaks at about 402 nm and 585 nm. It is believed that 
the luminescence in the side of shorter wavelengths is a luminescent due to a fluorescent process and the luminescence 
in the side of longer wavelengths is a luminescence due to a phosphorescent process. 



12 



EP 1 574 514 A1 



(Embodiment 1) 

[0068] In the present embodiment, a light-emitting device that has an electroluminescent device according to the 
present invention in a pixel portion will be described with reference to Fig. 4(A) and Fig. 4(B). Fig. 4(A) is a top view 

5 showing the light-emitting device and Fig. 4(B) is a sectional view of Fig. 4(A) cut along A-A'. Reference numeral 401 
indicated by a dotted line denotes a driver circuit portion (a source side driver circuit), 402 is a pixel portion, and 403 
is a driver circuit portion (a gate side driver circuit). In addition, reference numeral 404 denotes a sealing substrate and 
405 denotes a sealing agent. The inside 407 surrounded by the sealing agent 405 is space. 
[0069] Reference numeral 408 denotes a wiring for transmitting signals to be input to the source side driver circuit 

10 401 and the gate side driver circuit 403, and receives a video signal, a clock signal, a start signal, a reset signal, and 
the like from FPC (Flexible Printed Circuit) 409 that serves as an external input terminal. Though only the FPC is shown 
in the figure here, a printed wiring board (PWB) may be attached to the FPC. A light-emitting device in the specification 
includes not only a light-emitting device body but also a state where an FPC or a PWB is attached thereto. 
[0070] Next, the sectional structure will be explained with reference to Fig. 4(B). The driver circuits and the pixel 

is portion are formed over a device substrate 410. Here, the source side driver circuit 401 as the driver circuit portion 
and the pixel portion 402 are shown. 

[0071] In the source side driver circuit 401 , a CMOS circuit is formed of a combination of an n-channel TFT and a 
p-channel TFT. The TFTs forming the driver circuit may also be formed of a known CMOS circuit, PMOS circuit, or 
NMOS circuit. Although the present embodiment shows a driver integrated type in which a driver circuit is formed over 
20 a device substrate, which is not always necessary, the driver circuit can be formed not over the device substrate but 
at the outside thereof. 

[0072] The pixel portion 402 is formed of a plurality of pixels, each including a switching TFT 411 , a current controlling 
TFT 412, and a first electrode 413 connected to a drain thereof electrically. In addition, an insulator 414 is formed to 
cover an edge of the first electrode 413. Here, a positive photosensitive acrylic resin film is used to form the insulator 414. 

25 [0073] Besides, in order to obtain a favorable coverage, a curved surface with a curvature is formed on a top portion 
or bottom potion of the insulator 414. For example, in the case of using positive photosensitive acrylic as a material of 
the insulator 414, it is preferable that only the top portion of the insulator 414 has a curved surface with a curvature 
radius (0.2 |im to 3 u,m). In addition, any of a photosensitive negative type that becomes insoluble in an etchant by 
light and a positive type that becomes soluble in an etchant by light can be used as the insulator 414. 

30 [0074] On the first electrode 413, an electroluminescent layer 416 and a second electrode 417 are respectively 
formed. Here, as a material that is used for the first electrode 413 functioning as an anode, it is preferable to use a 
material that has a large work function. For example, in addition to single layers such as an ITO (indium tin oxide) film, 
an indium zinc oxide (IZO) film, a titanium nitride film, a chromium film, a tungsten film, a Zn film, and a Pt film, a 
laminate of a titanium nitride film and a film including aluminum as its main component, a three-layer structure of a 

35 titanium nitride film, a film including aluminum as its main component, and a titanium nitride film, and the like can be 
used. When a laminated structure is employed, the resistance as a wiring is low, favorable ohmic contact can be taken, 
and it is possible to function as an anode. 

[0075] The electroluminescent layer 416 is formed by evaporation that uses an evaporation mask or by inkjet. For 
the electroluminescent layer 416, as a part thereof, the organometallic complex (the foregoing general formula 2) 
40 according to the present invention is used, and as the other materials that can be used in combination, a low molecular 
weight material and a high molecular weight material may be given. In addition, it is often the case that an organic 
compound for a single layer or a laminate is generally used as a material that is used for an electroluminescent layer. 
However, the present invention includes a structure in which an inorganic compound is used for a part of a film com- 
prising an organic compound. 

45 [0076] In addition, as a material that is used for the second electrode (cathode) 41 7 formed on the electroluminescent 
layer 416, a material that has a small work function (Al, Ag, Li, or Ca, an alloy thereof such as MgAg, Mgln, AILi, or 
CaF 2 , or CaN) may be used. In the case of transmitting light generated in the electroluminescent layer 416 through 
the second electrode 417, it is preferable to use a laminate of a thinned metal and a transparent conductive film (such 
as ITO (an alloy of indium oxide and tin oxide), an alloy of indium oxide and zinc oxide (In 2 0 3 -Zn0), or zinc oxide 

so (ZnO)) film as the second electrode (cathode) 417. 

[0077] Further, a structure is obtained by bonding the sealing substrate 404 and the device substrate 410 with the 
sealing agent 405, where an electroluminescent device 418 is equipped in the space 407 surrounded by the device 
substrate 410, the sealing substrate 404, and the sealing agent 405. The space 407 also includes a composition of 
filling with the sealing agent 405 in addition to a case of filling with inert gas (such as nitrogen or argon). 

55 [0078] It is preferable to use epoxy resin for the sealing agent 405. In addition, it is desirable that these materials 
are a material that allows no permeation of moisture or oxygen to as much as possible. Further, as a material that is 
used for the sealing substrate 404, a plastic substrate comprising FRP (Fiberglass-Reinforced Plastics), PVF (polyvi- 
nylfluoride), Mylar, polyester, acrylic, or the like can be used besides a glass substrate and a quarts substrate. 
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[0079] In this way, the light-emitting device that has the electroluminescent device according to the present invention 
can be obtained. 

(Embodiment 2) 

5 

[0080] In the present embodiment, various electronic devices completed with the use of a light-emitting device that 
has an electroluminescent device according to the present invention will be described. 

[0081] As electronic devices manufactured with the use of a light-emitting device that has an electroluminescent 
device according to the present invention, a video camera, a digital camera, a goggle-type display (head mount display), 

10 a navigation system, a sound reproduction device (such as an in-car audio system or an audio set), a laptop personal 
computer, a game machine, a personal digital assistance (such as a mobile computer, a mobile phone, a portable 
game machine, or an electronic book), an image reproduction device equipped with a recording medium (specifically, 
a device equipped with a display device that can reproduce a recording medium such as a digital versatile disc (DVD) 
and display the image), and the like can be given. Figs. 5(A) to 5(G) show specific examples of these electronic devices. 

15 [0082] Fig. 5(A) is a display device, which includes a frame body 5101, a support 5102, a display portion 5103, a 
speaker portion 5104, a video input terminal 5105, and the like. A light-emitting device that has an electroluminescent 
device according to the present invention is used for the display portion 2003. The display device includes all devices 
for displaying information such as for a personal computer, for receiving TV broad casting, and for displaying an ad- 
vertisement. 

20 [0083] Fig. 5(B) is a laptop personal computer, which includes a main body 5201, a frame body 5202, a display 
portion 5203, a keyboard 5204, an external connection port 5205, a pointing mouse 5206, and the like. A light-emitting 
device that has an electroluminescent device according to the present invention is used for the display portion 5203. 
[0084] Fig. 5(C) is a mobile computer, which includes a main body 5301 , a display portion 5302, a switch 5303, an 
operation key 5304, an infrared port 5305, and the like. A light-emitting device that has an electroluminescent device 

25 according to the present invention is used for the display portion 5302. 

[0085] Fig. 5(D) is a portable image reproduction device equipped with a recording medium (specifically, a DVD 
reproduction device), which includes a main body 5401 , a frame body 5402, a display portion A 5403, a display portion 
B 5404, a recording medium (such as DVD) reading portion 5405, an operation key 5406, a speaker portion 5407, and 
the like. The display portion A 5403 is used mainly for displaying image information while the display portion B 5404 

30 is used mainly for displaying character information, and a light-emitting device that has an electroluminescent device 
according to the present invention is used for these display portion A 5403 and display portion B 5404. The image 
reproduction device equipped with the recording medium further includes a home game machine and the like. 
[0086] Fig. 5(E) is a goggle-type display (head mount display), which includes a main body 5501 , a display portion 
5502, an arm portion 5503, and the like. A light-emitting device that has an electroluminescent device according to the 

35 present invention is used for the display portion 5502. 

[0087] Fig. 5(F) is a video camera, which includes a main body 5601 , a display portion 5602, a frame body 5603, an 
external connection port 5604, a remote control receiving portion 5605, an image receiving portion 5606, a battery 
5607, a sound input portion 5608, an operation key 5609, an eye piece 5610, and the like. A light-emitting device that 
has an electroluminescent device according to the present invention is used for the display portion 5602. 

40 [0088] Fig. 5(G) is a mobile phone, which includes a main body 5701 , a frame body 5702, a display portion 5703, a 
voice input portion 5704, a voice output portion 5705, an operation key 5706, an external connection port 5707, an 
antenna 5708, and the like. A light-emitting device that has an electroluminescent device according to the present 
invention is used for the display portion 5703. The mobile phone can have power consumption suppressed by displaying 
white characters on a black background in the display portion 5703. 

45 [0089] As described above, a light-emitting device that has an electroluminescent device according to the present 
invention is quite widely applied, and is applicable to electronic devices in all fields. 



Claims 

50 

1. An organometallic complex represented by the following general formula 2: 
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f?1 




CM-L 



(Formula 2) 



(where R 1 is an alkyl group, an aryl group, a substituted aryl group, a heterocyclic group or a substituted heterocyclic 
group; R 2 is hydrogen, an alkyl group, an aryl group, a substituted aryl group, a heterocyclic group, or a substituted 
heterocyclic group; R 3 , R 4 , R 5 , and R 6 may be identical or different, and are individually hydrogen, halogen, an 
alkyl group, an alkoxyl group, an aryl group, a substituted aryl group, a heterocyclic group, or a substituted hete- 
rocyclic group; M is an element of Group 9 or an element of Group 10, and n = 2 when the M is the element of 
Group 9 or n = 1 when the M is the element of Group 10; and L is a monoanionic ligand having a p-diketone 
structure, a monoanionic bidentate ligand having a carboxyl group, or a monoanionic bidentate ligand having a 
phenolic hydroxyl group) 

The organometallic complex according to claim 1 , wherein the M is iridium or platinum. 

The organometallic complex according to claim 1 or claim 2, wherein the L is any of monoanionic ligands shown 
by the following structure formulas 3 to 9. 




(Formula 3) 




O 



O 



(Formula 4) 




(Formula 5) 
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(Formula 6) 



10 



15 




(Formula 7) 



20 



25 




o o- 



(Formula 8) 
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35 




(Formula 9) 



4. An electroluminescent device using the organometallic complex according to claim 1 . 

5. An electroluminescent device using the organometallic complex according to claim 2. 
40 6. An electroluminescent device using the organometallic complex according to claim 3. 

7. An electroluminescent device using the organometallic complex according to claim 1 as a light emitter. 

8. An electroluminescent device using the organometallic complex according to claim 2 as a light emitter. 

45 

9. An electroluminescent device using the organometallic complex according to claim 3 as a light emitter. 

10. A light-emitting device using the electroluminescent device according to any of claims 4 to 9. 

50 
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Fig. 1 
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Fig. 2 
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